Background: It has been known for long time that pregnancy associated with weight problems women but few important factors have been identified, except for weight gain during pregnancy itself. Objective: To identify cutoffs for weight gain during pregnancy for identification of women at risk of high weight retention after pregnancy. Methods: A longitudinal analysis of 563 women who gave birth in 1984-1985 was used. Weight development during pregnancy was used as diagnostic test for high weight retention at 1 and 15 years follow-up. True positives for high weight retention were defined as 490th percentile at 1 and 15 years. Receiver Operating Characteristic (ROC) analyses were performed to derive cutoffs minimizing the absolute and relative number of misclassifications. Results: The average weight retention at 1 year (WR 1y ) and 15 years (WR 15y ) was 1.173.6 and 7.677.4, respectively. There was a moderately strong correlation between weight gain during pregnancy and weight retention at 1 and 15 years follow-up (r 2 ¼ 0.13 and r 2 ¼ 0.05, respectively; both Po0.001) and weight gain during pregnancy as diagnostic test to find high weight retainers performed better than chance both for WR 1y (AUC ¼ 0.7670.04, Po0.01) and WR 15y (0.6370.04, Po0.05). To minimize the absolute number of misclassifications of high weight retention, a highly specific and insensitive cut-off of around 24 kg weight gain during pregnancy was needed. The best trade-off between sensitivity and specifity, minimizing the relative number of misclassifications, was at a cutoff of around 16 kg, but this resulted in three times as many absolute misclassifications. Conclusion: Weight gain during pregnancy was found to be a moderately strong diagnostic test for weight retention after pregnancy. In order to implement weight gain recommendations for clinical practice larger studies need to be conducted and the demands on the reference values specified, since decisions about the trade-offs between types and extent of misclassifications need to be made.
Introduction
It as been known for long time that pregnancy is associated with weight problems in some women. [1] [2] [3] Studies generally report a mean weight retention after pregnancy of between 0.4 and 3.8 kg. [4] [5] [6] [7] However, patients referred to the Obesity Unit, Karolinska University Hospital, have reported average weight retention around 10 kg, also for each subsequent pregnancy, and view pregnancy-related weight gain as an important cause of their obesity. 8 The recommendations for optimal weight gain during pregnancy have changed over time. In the 1950s the recommendations for weight gain during pregnancy were 7-8 kg to prevent macrosomia and complicated deliveries. 9 When caesarean sections became more common and alleviated these problems, weight recommendations became more liberal. 9 In the USA, the Institute of medicine (IOM) has made recommendations for total weight increase during pregnancy based on pre-pregnancy weight. 10 These recommendations are wide; from 6.8 kg for overweight women to an upper limit of 18 kg for underweight women. However, there are no corresponding European or Scandinavian recommendations for weight gain during pregnancy. Several causal factors have been identified for weight development after pregnancy. Smoking cessation, which fortunately often occurs when women learn of their pregnancy, has been shown to be related to greater postpartum weight retention. 11 Changes in activity leading to a more sedentary life style after pregnancy constitute an additional risk factor for weight retention after pregnancy, [12] [13] [14] as do socio-economic factors such as low income. [15] [16] [17] Although weight before pregnancy seems to be a risk factor for pregnancy and delivery complications and for late fetal death it does not seem to be an important factor to predict weight retention after pregnancy. 18, 19 Some behavioural approaches have been suggested to be useful ways of controlling or preventing weight retention, such as breastfeeding. However, there is no clear evidence that breastfeeding makes women lose more weight after pregnancy. 15, 20, 21 High weight gain during pregnancy remains the strongest factor for weight retention after pregnancy, 11, 12, 22 but there is still no agreement regarding what high weight gain during pregnancy actually is and how it correlates to weight retention after delivery. The aim of this study was to identify cutoff values of weight gain during pregnancy for classification of women at risk of high weight retention after pregnancy.
Subjects and methods

Study design
A longitudinal study of women's weight gain during pregnancy, at 1 year postpartum and at 15 years follow-up.
Subjects
The Stockholm Pregnancy and Women's Nutrition Study (SPAWN) is a follow-up study of women who participated in the Stockholm Pregnancy and Weight Development Study in 1984-1985. 11, 13, 15 The sample represents a cross-section of the metropolitan population from both the inner city of Stockholm and its suburbs. The study population was recruited from four major hospitals with catchment areas representing the full range of socio-economic groups. Therefore, the distribution across socio-economic groups is assumed to be reasonably representative for the Stockholm population. For validation, see below.
Procedure Addresses for all 1423 mothers were tracked by the Sema info-group. Each woman's unique personal number in the National Health and Insurance System was used to obtain current addresses. Those who had died or moved abroad were excluded (n ¼ 269). A total of 1154 letters were sent out and 563 women agreed to participate. In all, 267 women lived too far from the Stockholm area to attend in person, and letters with questionnaires were sent to them. In all, 200 of these women completed the questionnaires, and weight and height were obtained by self-report rather than objective measurements. There were no differences between the subjects who submitted questionnaires and those who visited the clinic with respect to the pre-pregnancy BMI, weight gain during pregnancy, infant weight, completed weeks of pregnancy, weight at 2.5 month of follow-up or at 1 year follow-up, age, or BMI at follow-up.
The women who still lived in the area of Stockholm (n ¼ 887) were asked by letter to attend Huddinge University Hospital for objective measurements of height and weight and furthermore to fill in the questionnaires under the supervision of a researcher or a research nurse. At the hospital anthropometric measurements were taken; weight was measured to the nearest 0.1 kg using the digital scale of the Tanita 305 body fat analyzer (Tanita TBF 305, Tokyo, Japan) and height was measured to the nearest centimetre in standing position.
The Ethics Committee of the Huddinge University Hospital approved the study and all participants gave written informed consent.
Drop-out analysis of non-responders Drop-out analyses based on the original sample (n ¼ 2342) were performed. Non-response was analysed in relation to the circumstances of the pregnancy. Included in the dropout analyses were clinical parameters, such as fecundity history, high blood pressure, oedema, delivery methods, weight gain during previous pregnancies and dietary advice during pregnancy. There were no significant differences between the responders and non-responders in any of these variables, indicating that the responders were representative in terms of characteristics related to pregnancy. The only differences found were that women who took part in the follow-up study were slightly older and that non-response was more common among non-Nordic citizens.
In order to compare the social, economic and educational characteristics of the participants and the non-responders, information on education, income and occupation were obtained from the LOUISE database. This register contains data collected annually from all individuals living in Sweden. We used the log register and obtained information via the personal number for each participant and each nonresponder. These data were compared to the national average for income and educational level. Women who participated in the follow-up study had higher income and higher education than non-responders. Women who participated also had a higher income and higher education than the national average. Detailed information on this drop-out analysis has been published elsewhere. 23 We conclude from these analyses that the sample is reasonably representative of the original group of Stockholm women.
Inclusion and exclusion criteria
One woman with a BMI of 47 kg/m 2 and one woman who had her first child at the age of 49 years were identified as outliers by graphical diagnostic techniques, 24 and were excluded from the analysis. Eight women who had an adopted child in addition to the index pregnancy were included in the study and were analysed on the basis of the number of natural births that they had.
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Statistics analyses
All analyses were performed using SPSS 10.5 for Windows (SPSS Inc). Parametric statistics were used as appropriate. Receiver operating characteristics (ROC) analyses were performed in order to evaluate the general performance of weight gain during pregnancy as diagnostic test for high weight retention after pregnancy. Such a diagnostic test could be used for targeting interventions to prevent an adverse weight development, since the test identifies women at risk of high weight retention.
ROC analysis can describe the clinical performance of screening tests in terms of diagnostic accuracy or the ability to correctly classify subjects into clinically relevant subgroups, as defined by a reference test. 25 It evaluates the accuracy of the screening measure by summarizing the potential of the test to discriminate between the absence and presence of a health condition. In this study, the diagnostic accuracy refers to the ability of weight gain during pregnancy as basis to discriminate high weight retainers from non-high weight retainers after pregnancy at 1 or 15 years post-partum. High weight retainers after pregnancy were defined as the highest 10% of the study samples (i.e. weight retention of 5.6 kg 1 year post partum or 17.0 kg 15 years post partum).
In the ROC analysis the true positive rate (sensitivity) is plotted against the false positive rate (1-specificity) across a range of values from the diagnostic test. In this study, ROC curves were constructed with weight retention after pregnancy as reference measure and weight gain during pregnancy as diagnostic test. Hereby cut-off values for weight gain during pregnancy minimizing the relative (false positive rate and false negative rate) and absolute number of misclassifications can be derived. Minimizing the relative number of misclassifications was done through maximizing the sum of sensitivity (true positive rate) and specificity (true negative rate).
The area under the ROC curve (AUC) was used as a measure of the overall performance of the test, since it reflects the probability that the diagnostic test, weight gain during pregnancy, will correctly identify true high weight retainers. 26 The AUC can take values between 0 and 1, where 1 is a perfect screening test and 0.5 a test equal to chance. In the ROC curves below, a 45-degree line was plotted representing an AUC of 0.5. Positive (sensitivity/(1-specificity)) and negative ((1-sensitivity)/specificity) likelihood ratios were also calculated, expressing the odds that a given value of a screening test outcome would be expected in an individual with or without the target disorder (i.e. high weight retention).
Results
Subject characteristics are presented in Table 1 . There was a significant difference between pre-pregnancy BMI and BMI at 1 year follow-up (t ¼ 173, df ¼ 545 Po0.0001), as well as between BMI at 1 year and BMI at 15 years follow-up (t ¼ 20, df ¼ 538, Po0.001). The prevalence of overweight and obesity increased with 5.1 and 19.0 percentage points, respectively. In all, 97% of the women were born in a Nordic country.
The average weight retention both at 1 and 15 years follow-up was low, but the variability was high ( Table 2 ). The correlation coefficients between weight gain during pregnancy and weight retention at 1 and 15 years follow up were 0.37 and 0.24, respectively (both Po0.001). When defining high weight retention at 1 year follow-up as 45.6 kg (490th percentile weight gain from pre-pregnancy weight) the probability of correct classification using weight gain during pregnancy as diagnostic test for high weight retention was 0.76, which was significantly better than chance (Po0.001). The cutoff for the diagnostic test (weight gain during pregnancy) maximizing the sum of sensitivity and specificity, thereby minimizing the relative number of false positives and false negatives, was 15.0 kg and produced a moderately high sensitivity and specificity (Table 3) . However, to minimize the absolute number of misclassifications, a cutoff of 24.0 kg weight gain during pregnancy was needed. This cutoff was highly specific, but insensitive for high weight retainers (Table 3) .
High weight retention at 15 years follow-up was defined as 417.0 kg (490th percentile weight gain from pre-pregnancy weight). The probability of correct classification was 0.63 and the test still performed significantly better than chance to diagnose high weight retention at 15 years follow-up (Po0.05). The cutoffs minimizing the relative and absolute number of misclassifications were similar to those for weight Women at risk of adverse weight development after pregnancy Y Linné and M Neovius retention at 1 year after pregnancy and produced the same extent of misclassifications (Table 3) . In multiple regression analyses, it was found that approximately 18% of the variation in weight retention at 1 year of follow-up was explained by weight gain during pregnancy, breastfeeding, age and birth weight of the child (Table 4) . The more the women breastfed their children, the less weight they retained (P ¼ 0.002). The highest relative impact was exerted by weight gain during pregnancy while weight of the child was the weakest explanatory variable. Breastfeeding and age of the mother were about equally strong, while weight before pregnancy, sex of the child and weeks of gestation did not contribute to the explanatory power in any significant way (P40.05). The associations for weight retention at 15 years of follow-up were weaker, with only 6% of the variation explained by weight gain during pregnancy and breastfeeding.
Discussion
Weight retention after pregnancy causes weight problems and even obesity in some women. 11, 27 Few strong predictive factors before and during pregnancy have been identified, although weight retention at 1 year after delivery has been identified previously as a good point of predicting further weight development. 28 Clinically there is a need for reference values for high weight gain during pregnancy in order to identify women at risk of subsequent adverse weight development. Such reference values could enable targeted intervention during and after this major life event to prevent pregnancy to become a trigger of obesity.
In this study, we have derived cutoffs for high weight gain during pregnancy in a Swedish sample. These results should not be taken as a recommendation for clinical use, but as a qfirst attempt to find cutoff values for high weight gain during pregnancy. We found that a woman with a weight gain of 16.0 kg or more during pregnancy was 2.5 times more likely to be a high weight retainer 1 year post partum. In this study, cutoffs were derived minimizing the relative and absolute number of misclassifications. The discrepancy between the two cutoffs derived at each follow-up occasion was around 8 kg. The cut-offs minimizing the absolute number of misclassifications were highly specific, but insensitive. Thereby almost all true high weight retainers were missed. The cutoffs minimizing the relative number of misclassifications traded some specificity for gains in sensitivity. Hereby the absolute number of misclassifications increased, but a much higher fraction of true high weight retainers were found. Several factors may contribute in the choice of cutoff for decisionmaking, as for example budget constraints, available intervention regimens or expert opinion. Using the derived cutoff minimizing the total number of misclassifications would be comparable to ignoring weight gain during pregnancy as a diagnostic marker, since almost all true positives for high weight retention were missed. Using the alternative cutoff, treatment or advice would be given to a larger fraction of the true positives, but also to many false positives.
There has been some debate on the use and misuse of cutoff values. 29, 30 The most common critique is that cut-offs are based on highest and lowest 5 or 10 percentiles and not on the risk of morbidity. 29, 30 However, such an approach would still be possible to criticise for arbitrariness, since the choice of outcome measure is not obvious. Previous researchers have used dyslipoproteinemia and blood pressure when creating cutoffs for excess weight for children. 31, 32 Other outcomes, such as type 2 diabetes, osteoarthritis, cardiovascular disease, etc, would also need to be considered for creation of an optimal risk-based system, unless chosen outcomes can be regarded as perfect proxies. In addition to the choice of health outcomes, the choice of risk measure remains a source of potential controversy. Relative risk, absolute risk or risk difference will all yield different estimates and thereby affect any evaluations and potential guidelines. Cutoffs for weight gain during pregnancy minimizing the relative (Min rel # of misclass) or absolute ( Min abs # of misclass) number of misclassifications. Minimizing the relative number of misclassifications refers to minimizing both the relative number of false positives and false negatives, which was done through maximizing the sum of sensitivity and specificity. Women at risk of adverse weight development after pregnancy Y Linné and M Neovius
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In multiple regression analyses, it was found that approximately 18% of the variation in weight retention at 1 year of follow-up was explained by weight gain during pregnancy, breastfeeding, age and birth weight of the child. The more the women breastfed their children, the less weight they retained. In clinical practice mothers have generally been informed that full-time breastfeeding will be helpful to revert to pre-pregnancy weight. This seems logical, since a full lactation requires about 500 kcal/day, which for many women in this age group represents about 20% of their daily energy requirements. However, it has been hard to prove in prospective studies. 34 The highest relative impact was exerted by weight gain during pregnancy. This is in line with previous results and high weight gain during pregnancy is still the most important risk factor for high weight retention after pregnancy. 34, 35 More research needs to be carried out before any definitive recommendations concerning high weight gain during pregnancy can be made, preferably on large, representative national or European samples. The demands on the reference values need also to be specified, since decisions about the tradeoffs between types and extent of misclassifications must be made.
One aspect that also needs to be taken into consideration is the effect on the child of potential recommendations about energy restriction during pregnancy. It still remains controversial whether energy restriction should be advised to pregnant, overweight women to control their potential risk to increase excessively in weight during pregnancy, 36 since a restrictive diet could affect the growth of the fetus. 37 Furthermore, it has been suggested that low birth weight is associated with hypertension in adult life. 38 It is obviously complicated to determine the optimal time to define the critical periods of weight development after pregnancy. If this is done too soon after delivery, women will not have had enough time to lose the weight they would naturally lose after delivery. If, on the other hand, weight is measured much later, other lifestyle factors may confounding the association or the women may get pregnant again.
A limitation of the SPAWN study is the seemingly low participation rate of 24% at 15 years follow-up. However, in a general perspective this seems to be a respectable recovery rate. 34 To analyse the implications of drop-outs, we have made several drop-out analyses to determine if our material is representative. 28 It is known from previous studies that the subjects who drop out usually are people with low income and low socio-economic status. 39 These variables also correlate with higher body weight. 40 So, if anything, SPAWN is probably underestimating the problem with weight development after delivery. It is still unclear what causes women to gain and retain weight after pregnancy. Further studies are needed to identify additional factors, since several of the most obvious candidates, like breastfeeding, have been addressed and not been found to be powerful predictors. However, a deeper understanding is needed of the complex changes in physiology and psychology, eventually determining the situation of the pregnant and lactating woman to prevent an adverse weight development with potentially harmful health consequences.
The results from this study should not be seen as a general recommendation for women to follow in clinical practice. Larger studies and specification of the demands on identification systems need to be carried out before the research approach could turn into clinical recommendations.
